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3-D Model of the Lithosphere-Asthenosphere 
Boundary for a Propagating Rift 


Phillip D. Milholland and 
Frederick K. Duennebier 

Hawaii Insliiuie of Geophysics 
University of Hawaii hi Manoa 
Honolulu. Hawaii 

A first-order approximation of the litlio- 
sphere-asthenosuhere boundar>’ of a propa- 
gating rift model is shown in Figures I and 2. 
(Figure l is a reduced version of the cover 
figure. All bracketed letters in the text corre- 
spond to letters in Figure 2.) The propagat- 
ing rift model explains tectonic patterns of 
some oceanic regions that have puzzled eauh 
scientists for some lime. According to this 
model, oceanic spreading centers can propa- 
gate through older crust, transferring por- 
tions of crust from one plate to another. 

The two images in Figure 1 form a 3-D ste- 
reo pair of the lithosphere-asthenosphere 
boundary at a propagating rift. To view the 
S-D model use a stereoscope oil Figure I ; 
alternatively, stare at Figure l or the cover 
figure and let your eyes soft- focus until a S-D 
image appears between the two primed im- 
ages (believe us, it works). The model is 
based on the Galapagos propagator at 
95.5*W, viewed from above and Loward the 
southeast. The 'V'-shaped wedge of litho- 
sphere between the pseudofaults is formed by 
extension of the eastern rift toward the view- 
er. As this rift propagates, spreading stops on 
lhe dying western rift, leaving a failed rift. 
Only two plates are present in the model, and 
depth to the asthenosphere depends only on 
age. 

The stippled region (A) represents a cross 
section of the lithosphere and shows how the 
lithosphere thickens away from the rift. 

Depth to the ocean bottom (top boundary of 
A) is calculated by using the equations and 
assumptions of Sclater and Franchrteau [ 1 970] 
for a spreading center that spreads at a rate 
of 26 mrn/yr. Depth is 2. 1 km at the spread- 
ing center and increases to 3. 1 km on the far 
right. Lithospheric thickness is calculated by 
using lhe equation uf Yoshi el al. [1976] 

L =* 7.49fn os 

where I is the thickness of Lhe lithosphere in 
kilometers, and T is the age in millions of 
years. Depth to the iiihosphere-Hsthciin- 
5 phe re boundary (bottom edge of A) is die 
sum of the ocean depth and lithospheric 
thickness. Thermal and isosintk adjustments 
that occur at the lip of the propagatin' and 
other boundaries have not been incorporated 
into the model and would tend to smooth the 
discontinuities and sharp boundaries. Depth 
is assumed to be a function of age only. 

General configuration of the model corre- 
sponds to the 95. 5° W Galapngos propagator 
V? f l 0 ■' *9 8 0|> except dial the initial rifts 
oi tilts model are offset by a 20-km-luiig 
transform fault (B2). Fracture zones (Bl, 1)2- 
3) associated with this transform fault termi- 
nate at the ends or the pscudofaulis (Cl. C2). 
the southern fracture zone (B2-B3) is com- 
posed of two sections: die fracture zone that 
existed when the transform was iictivc (B3) 
and the original transform fault dial was 
ockeu n place when rift propagation com- 
menced (B2). As Hey (1977] pointed out, and 
as can be seen dearly here, die sense of vcrli- 
at onset changes along the southern fracture 
it jfJ nst , ea ^ m °uoionically decreasing, as 
Q . alon g a normal fracture zone, Inter- 
ctions of the pseudofaults with the fracture 
rones mark the locations or lithosphere 
rmed at the initiation of propagation. Prop- 
Jid u" be 8 an *1 the initial transform fault 
rift m a i S i e5 ‘ tended tbe l e,1 8 l h of the eastern 
. at a constant rate along a different 
muth. Extension of the propagating rift or 
propagator (D2) proceeds at the expense of 
e dying rift (D3). As spreading is trans- 


ferred to die propagator, a pnriion or die dy- 
ing nil is frozen into the southern plate and 
becomes a failed rift Orientation of the 
Tailed rift is controlled by the spreading rate 
and the cxtensional growth rate of die propa- 
gator There are only two rigid plates in this 
model at all times. 

Pseudofaults (Cl. C2) stand out as large 
depth discontinuities in the lithosphere-as- 
thenosphere boundary; these discontinuities 
reflect differences in age between new litho- 
sphere formed at the propagator tip and old 
lithosphere dirough which the propagator 
extends. Vertical offset along the pseudo- 
faults decreases away from die propagator lip 
because die difference in thickness decreases 
as both sections of the lithosphere age and 
because die propagator is extending through 
progressively older and thicker lithosphere. 
Note that no horizontal displacement occurs 
along the pseudofault boundaries, although 
vertical motion should result from differen- 
tial aging across the boundaries. 

The transform fault (E), which connects 
the propagator tip to the intersection of the 
dying and failed rifts, differs in important 
ways from the classical transform fault of a 
normal rift system. Material on both sides of 
the transform fauk is formed by the same 
rift; consequently, there is no sharp age or 
thermal difference across the boundary. Also, 
the location of the transform fault is not 
fixed but moves in the same direction and at 
the same rate as rift propagation. Its length 
changes if the propagator is growing at a dif- 
ferent azimuth from the dying rift. Note that 
what would be fracture zones (inactive por- 
tions of the transform) in a normal transform 
fault system are lu.milesied by the northern 
pseudofault (C 1 ) and by the zone benveen 
the southern pseudufault (C2) and the failed 
rift (D4 ). All interplaic horizontal displace- 
ment occurs in the regiuu between the propa- 
gator tip and the dying rift and is recognized 
by the change in a/inuuii between the dying 
and failed rifts. Hey cl al. [ 1980] suggest that 
the transform fauk oT a propagating rift may 
he a zone t»T sliem dcfoi million rather than a 
localized fault boundary. 

The existence of propagators in several at- 
fas lias been pustulated [Hey, 1977; Hey el al.. 
1980; Hey ana Wilson, 1980; Delaney el al. 
1981]. Propagators, and the causes and con- 
sequences of propagation, will be one of the 
most interesting topics in plate tectonics lo be 
studied during this decade. 
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Fig. 1. A 3-D stereo pair of the lithosphere-asthenosphere boundary at a propagating 

rift. Sec text for details. 
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Fig. 2. (A) Lithosphere— The upper boundary is the depth below sea level (2. 1—3.1 km), 
and the lower boundary is the lithosphere-asthenosphere boundary (2.1-21 km). (B) Frac- 
ture Zones — Bl and B3 are fracture zones that form from an original transform fault, B2, 
that is locked in place when rift propagation commences. (C) Pseudofaults — Pseudofaults 
mark the boundary of lithosphere formed by the propagator. The large vertical offset is a 
consequence of the large age difference across the boundary. (D) Rifts — D1 is an original 
rift from which the propagating rift or propagator, D2, arises. DS is the dying rift which 
becomes inactive and forms the failed rift, D4, as the propagator usurps the spreading. (E) 
Transform Fault— The transform fault lies between the propagamr tip and lhe end of the 
dying rift. It is significantly different from a classical transform fault in that material on 
both sides of the fauk is formed by the same rift, there is no significant age difference 
across the fault, no fracture zones develop, and the fault must be repositioned at the same 
rate as the extensional growth rate of the propagator. Scale in kilometers. 
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Advanced Techniques 
for Clay Mineral 
Analysis 

Dev. is Sedimetiiol. J-/, J. J- Fripiat (Eel.), Else- 
vier, New York, vi + 235 pp., 1982, $46.59 

Reviewed by Herman E. Roberson 

Advanced Techniques for Clay Mineral Analysis 
is a collection oF review articles dealing with 
nine analytical techniques: thennoanalytical 
methods, high resolution electron-microscopy 
studies, neutron scattering techniques, nucle- 
ar magnetic resonance, Mossbaucr spectros- 
copy, electron spin resonance, ultraviolet and 
visible light spectroscopy, far infrared spec- 
troscopy, and electron spectroscopy for 
chemical analysis (ESCA). 

Each chapter includes some discussion of 
theory as it relates to a particular technique, 
but the main emphasis according to J. J. Fri- 
piat, the editor, was to be directed toward 
summarizing recent developments of clay re- 
search applications. In fact there is an un- 
evenness In Lhis regard. Some authors (e.g., 

P. L. Hall on neutron scattering and J. P. 
Eberhart on high resolution electron-micros- 
copy) have devoted a significant proportion 
or tneir articles to theoretical discussion, 
while other authors (T. J. Pinnavaia on elec- 
tron spin resonance studies of clay minerals 
and R. D. Mackenzie on thennoanalytical 
methods) have no general discussion of the- 
ory. 

Three areas of study reviewed have been 
extensively developed by chemists but have 
only recently received attention from clay re- 
searchers: Mossbauer spectroscopy, nuclear 
magnetic resonance (NMR), and electron spin 
resonance. Applications of Mossbauer spec- 
troscopy in the study of days are fairly exten- 
sive: as a result the author, B. A. Goodman, 
makes noaltempL to present a comprehensive 
review. However, these topics which were se- 
lected (e.g., identification of oxidation slates 
of iron and identification of iron-cun tain iiig 
mineral phases at levels below their limits of 
detection by other more conventional tech- 
niques) will be of interest to many t lay re- 
searchers. The review of NMR applied to wa- 
ter-clay systems is comprehensive; the day 


researcher attempting tu get an oveiview in 
this research area may want to start here. 
Electron spin resonance applications which 
are discussed include studies of the orienta- 
tion of hydiated metal ions on basal clay sur- 
faces. mobility of interlayer ions, and a "num- 
ber of inierjamcHar metal complexes. 

lit his review of high resolution electron- 
microscopy application, J. P. Eberhart points 
out that this technique has already been ap- 
plied with success in the study of several layer 
silicates (primarily wcll-crystallized micas). 

The technique holds promise for the clay 
mineralogist who is willing to devote himself 
to gaining a thorough knowledge of the im- 
aging process required for analysis. 

ESCA, a relatively new technique, is one 
that holds great promise for day research. 

The technique, because oF its high selectivity 
for the surface of the material being ana- 
lyzed, has a range of applications that in- 
cludes adsorption studies as well as studies re- 
lated to the growth and alteration or clay 
minerals. 

In general the articles are well wriuen and 
achieve the primary goal: to acquaint ((ic 
reader with some important analytical tech- 
niques which have been recently 'applied in 
studies of clay minerals. However, it should 
be pointed out that excellent review articles 
on many of the topics covered in this book 
have been published recently. This, along 
with the price ($46.50), may curtail sales. 

Herman E. Roberson is with lhe Department of 
Geological Sciences, State University cf New 
York at Binghamton, Binghamton, New York. 

Climatic Geomorphology 

J. BOdel (Engl, rr.tnsl.). Princeton L'liiveisitv 
Pi ess, Primetun. N.J.. xix + 443 pp.. 19K2. 
hardbound, $f»U; cloth, SIX. 50. 

Reviewed by A. T. Grove 

AliEiuiigh this bunk opens with a tn.ip of 
the world showing the unit incuts divided into 
HI mniplKkliniiitic regions, this is not simply 
a lexr Ixmk mi gcnmorplinlogy organized cli- 
matic, illy. Rather it is a dissertation which al- 

Books front, on p. 124 1 
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As the official organ of the EUROPEAN 
GEOPHYSICAL SOCIETY, this newly crea- 
ted Journal has been formed by incorpora- 
ting the previously existing Frenoh 
- Annalea de Otophyslque » and Italian 


- Anna li dt Oeoflaloa». It will accept origi- 
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ICARUS 

International Journal of 
Solar System Studies 
Editor: JOSEPH A. BURNS 
Acting Editor: JOSEPH VEVERKA 
A repository for the major pnpers on 
the planetary sciences, learns publishes 
original contributions to the field of solar 
system studies. The papers report the 
results of current observational, experi- 
mental, and theoretical research on the 
astronomy, geology meteorology, phys- 
ics, chemistry, and biology. The journal 
is published in affiliation with the Divi- 
sion for Planetary Sciences of the Amer- 
ican Astronomical Society, 

Volumes 53-56 1983, 12 Issues and 
Cumulative Subject Index to Vols. 1-52. 
Annual Subscription Bale, 

U.S.A. nnd Canada i $384.00 
Outside U.S.A. and Canada; $434.50 
ISSN; 0019-1035 

UTHOSTRATIGRAPHIC 
ANALYSIS OF 
SEDIMENTARY BASINS 

c. E. B. CONYBEARE 
The book is a well arranged and com- 
prehensive review of concepts and meth- 
ods, spanning the evolution and devel- 
opment of basins, dopositional environ- 
ments, analysis and presentation tecli- 
ri5 0e ?{ fl . n( * P racl i c ol applications. . , , 
liberally illustrated with examples drawn 
. m m ®ny partB of the world. . . . geolo- 
gists and geophysicists working on the 
periphery of the specialist area would 
ije we h served by personal copies.” 

— David King in SEARCH 

©■•SMB? 

Journal subscriptions are for the calendar 
»«l fl re payable In advance. Prices 
postage, handling, and air freight 
i ) ere a PPhcable. Individuals may request 
i U» rn, ^ t oi1 T.. re 8 Hrt h n B pereonal subscrip* 
m.H* TalB8, F leaae ^ect all orders and fn- 
JLJJ! 0 ® to the Journal Subscription Fulfill- 
ment Department. 

orders, send payment with order 
nr5,- M r V » B « p< ^ ,8se handling. All prices 
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ENERGY AT THE SURFACE 
OF THE EARTH 

An Introduction to the 
Energetics of Ecosystems 
DAVID H. MILLER 
A Volume in the INTERNATIONAL 
GEOPHYSICS Series 
“All the topics are here, from the gen- 
eral to the specific, physical through 
biotic: direct Bolar radiation, resultants 
uf the upward and downward radiation 
fluxes, fixing of carbon by ecosystems, 
and the release of carbon fixed in eco- 
systems. . . . [Miller] provides data 
where data are appropriate, and offers 
personal discussions and interpreta- 
tions.”— G. M. Goodwell in AMERICAN 
SCIENTIST 

1981, 534 pp., $27.50 

ISBN; 0-12-497152-0 (Softeovor) 

1981, 534 pp., $54.50 

ISBN; 0-12-497150-4 (Hardcover) 

To obtain examination copies of Energy at 
the Surface of the Earth for class use, ad- 
dress your request to tho attention of llic 
Sales Department, and give the tillo and 
estimated enrollment of your course. 

SOLITONS AND 
NONLINEAR 
WAVE EQUATIONS 

R. K. DODD, J. G. EILBECK, 

J. D. GIBBON, and H. C. MORRIS 
this volume describes the fundamentals 
of solitons and emphasizes the theory 
and applications of the classical soliton. 
It covers the study of the solution of cer- 
tain equations solvable by the inverse 
scattering (spectral) transform and the 
investigation of classes of physical sys- 
tems that give rise to these equations. 
Areas of physical application considered 
include plasmas, classical fluids, and 
quantum optics. 

1982, 640 pp., $45.00 
ISBN; 0-12-219120-x 


CHEMICAL 

OCEANOGRAPHY 

VOLUME 8 
Edited by J. E RILEY 
and R. CHESTER 

The newest volume ip this authoritative 
scries presents the latest advances in 
chemical oceanography from the per- 
spectives of the chemist, the biologist, 
and the geoBcientist. Topics covered in- 
clude the effect of pressure on reactions 
in the sea, trace metal distribution, hy- 
drothermal fluxes, Interstitial waters, 
marine photochemistry, and the GEO- 
SECS program. The chapters are liber- 
ally illustrated with diagrams, tables, 
and photographs. Wherever possible, a 
mathematical approach to tne subject 
has been adopted. 

1983, In preparation 
ISBN; 0-12-588608-x 


MOUNTAIN BUILDING 
PROCESSES 

KENNETH J.HSt) 

This work is based on lhe proceedings of 
the Symposium on Mountain Building 
held at the Geological Institute, ETH- 
Zurich, 14th-18lh July 1981. Generously 
illustrated, the papers in thlB volume dis- 
cuss all aspects of the various plate in- 
teractions, with particular emphasiB on 
the collision type of orogeny. The first 
section takes a theoretical and phenome- 
nological approach and covers the tec- 
tonic processes associated with moun- 
tain building. In the second section his- 
torical case studies of several prominent 
oro genic belts illustrate the operation of 
such processes. The authors are interna- 
tionally recognized and include^ former 
presidents of the Geological Societies of 
America and London. > 

1983, 288 pp., 854” x 11%", $72.50 
ISBN i 0-12-357980-5 
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ADVANCES 
IN GEOPHYSICS 

VOLUME 25 
THEORY OF CLIMATE 
Edited by BARRY SALTZMAN 
CONTENTS: HISTORY AND APPLI- 
CATION OF GENERAL CIRCULA- 
TION MODELS//. Smagorinsky, The 
Beginnings of Numerical Weather Pre- 
diction and General Circulation Model- 
ing: Early Recollections. S. Manabe, 
Carbon Monoxide and Climatic Change. 
STAT1STICAL/DYNAMJCAL MOD- 
ELS/ G. S. Golitsyn , Almost Empirical 
Approaches to the Problem of Climate, 
Its Variations and Fluctuations. G. /. 
Shulls, Parameterization of Traveling 
Weather Systems in a Simple Model of 
Large-Scale Atmospheric Flow. B. Bails- 
man, Climatic Systems Analysis. RADI- 
ATIVE, SURFICIAL, AND DYNAMI- 
CAL PROPERTIES OF THE EARTH- 
ATMOSPHERE SYSTEM/C. Ohring 
and A. Gruber, Satellite Radiation Ob- 
servations and Climate Theory. R. Dick- 
inson, Land Surface Processes nnd. Cli- 
mate — Surface Albedos and Energy Bal- 
ance. A. H. Oort and J. R Peixdto, Glo- 
bal Angular Momentum and Energy Bal- 
ance Requirements from Observations. 

1983, 512 pp., $64.00 
ISBNt 0-12-018825-2 

MINERAL DEPOSITS 
AND GLOBAL TECTONIC 
SETTINGS 

A. H.G. MITCHELL 
and M. S.GARSON 
A Volume in the ACADEMIC PRESS 
GEOLOGY Series 

The formulation of the global tectonic 
hypothesis has led to the evolution of a 
new understanding of the genesis and 
setting of ore deposits. The book identi- 
fies the major, settings at plate boun- 
daries and within plates from' the geo- 
logical record of the paBt 2500 millennia. 
The authors emphasize! the treatment of 
; rocks as ores as fmrt of ilie stratigraphic 
succession or intrusive body In which 
they are formed. • • 

1982,422 pp., $51.00 
ISBN i 0-12-499050-9 
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Books (caul, from p. 123) 

tempts to prfiviflc an explanation for the 
ntorpliofogy «,f the earth. L C. King luul die 
-same amhiiion, as Eitiri W. Pcnek and, more 
clilFiilcrilly, W. M. Davis. One may continue 
to he impressed by the clarity and visual at- 
trac liveliest of Davis's exposition, iliungli tlis- 
satislied with die integration of its elements; 
\V. Penck’s ideas, notably Ills mechanism for 
piethiKint stairway development, are inure 

dillkult to appreciate; King's explanation uf 
upland plains in terms of scarp ie treat over 
immense distances as the result nr uplift g CH - 
cratnl by lilt* disruption or die continents 
fails to convince most geomorphologists. 

A lutsic problem tu lie solved is the means 
by whit It the laud stirlace is lowered to pro- 
duce extensive plains developed on solid 
rock, which may then he dissected, with die 
preservation of extensive fragments appar- 
ently little modified. 

liie Herman text from which this book is 
derived appeared in 1 077. Unde] whs h pupil 
•>! Bruckner and Albert Penck. A splendid 
picture of both of diem precedes die con- 
tents. one bolding an umbrella, the other a 
hammer. I mil i with pocket watches and seat- 
wl mi a pile oflogs. These details are possibly 
significant in the light of what follows. Of the 
references, which miinlier over HSO, ncnrlv 
three ipiat icn ate in Herman; II are m rq. 
del himself, the earliest riming Troni IP33; 
many are fnmi Herman imivci sit y journals 
wnh papers by ; Bremer. I a mis. Meiisrliiiig, 
anti (roll piitliailarly well rrpicsenied. II. F. 
(.arntr s The Origin of [.amlsi-ipes,’ pml a . 


bly the closest approach in English to Bflclel's 
bonk, is unfortunately attributed first to 
Cartier and then to Gardner. 

The gist of BQdd's argument is that land- 
scapes can be explained in terms of the fol- 
lowing sequence of events and shifts in cli- 
matic zonal ion. 

(!) In Tertiary times, seasonally wet warm 
climates extended from the equator to die 
poles and ctcliplains were created worldwide 
jjy the mechanism of double plana Lion. This 
is assumed to result from the fact that chemi- 
cal weathering at the base of die weathered 
layer is more intense than anywhere else in 
the world because the soil fauna anti Horn 
supply targe quantities of carbonic acid, ami 
the water is renewed every rainy season. 

Along joint planes decomposition lakes place 
particularly deeply giving greal thicknesses of 
gruswiili core Slones. Rock masses protruding 
above ihe soil are regarded as exempt from 
such weathering and between these shield in- 
selbergs. 'Surface wash in die shifting net- 
work of tiny rainy season rivulets and wash 
channels is regarded as 'the decisive process 
causing planntion' (p. 146). 

(2) By the Late Pliocene, climatic zones 
were becoming dilTerentiated with the devel- 
opment of polar icecaps, and etdiplain devel- 
opment was increasingly confined Lu middle 
and tow latitudes. The main areas of today's 
rivers became fixed at medium elevations in 
Central Europe 1 (p. 259). and high valley sys- 
tems formed in the Alps give the trough 
shoulders or glaciated valleys. Pediment for- 
mation began as essentially a trimming proc- 
ess mainly confined to deserts with cold win- 


ters and the pruiliKiinii ul .iIh.imw* Iih«i ■ fi- 
bre. 

(3) The Pleisiiuciu* is uru.il .is iiim.Kiiii* 

in its last quarter a film litlii 

retreat of icecaps, f'liinii .i pi«ni'«M-s in unit- 
die latitudes resitlicil in tfi«- i.ijiul mi Mm, 
box valleys ItlU to llllli in ifi-i -p. Luj;rl\ l» - 
cause uf the disruptive efltt is ni ti «■ i nub' 
ground ice iiuniediateh lielnw tin- ,u nw \.w- 
cr. which 'pniuKitcs hixh vettkal am I l.un.il 
erosion and is the driving time ..uiMtig i|, ( - 
periglacial frost debris /mu- in In- mni pin.- 
dynamically tlie zone of e\<i*s\i\ ( - v.ilfi-i , m- 
ting' (p. 105). At the Mime (line, invlln-igs 
were reniovccl liy I rust at tinn. In w.irin ifi-. 
sens, soil sheets'were replaced In t uiihfi- 
sheets, and Irasal stir laics ni iii lipl.uns urn* 
extensively revealed by snipping .uv.iv ,>l tlu- 
weatliererl layer, especially along lines 
sponding with the iliietiinn ul the n.t.fi- 
winds. 

(4) The Holocene period has been si. 

that only a few pet cent ul the In- 

ascribed to it. This is pat tiui lath tin- «,im> in 
the middle iHtiuidcs, best known m nmsi gen- 
niorphoiogists, wliciv processes an* p ( - ( nfi.nfi 
weak except where they have l*i*n aitilui.illr 
accelerated by deforest at inn. 

This scheme is exemplified hv v.tiimi*. 
gional examples taken mainly Iruni sourlu-i n 
Germany and southeast Europe. 

B Adel's exposition Can be ( rjlit „„ Viir j. 
oils grounds. Too often he asset is wit hunt 
presenting evidence. More su|ii]i>]( is m-eileil 
rot instance, for the claim on p. |‘J-| i| ul ,j M . ' 
intense chemical weathering taking place in 
the pen tropica I zone 'exceeds all cheiniial 
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UNIVERSITY OF 
CAPETOWN 

Chair In 
Analytical 
Science 

Applications ore Invited for appointment to 
the above poet with effect tram 1 February 
1884. 

The University wishes to appoint a scientist 
with an established research record lo take 
responsibility tor the further development of 
researoh and teaching In this recently 
created department. Candidates currently 
occupying either academic or nan-academic 
positions should have a wide knowledge of 
modem Instrumental analysis and this 
requirement will be of prims Importance in 
making the selection For Ihe post. 

Appointment, depending on qualifications 
and experience, will be made In the salary 
range R23 109 to R30 265 per annum, to 
which Is added an annual service bonus of 
nearly one month's salary. 

Applicants should submit a full resume and 
the names and addresses of three referees 
whom ihe University may approach. 

Further Information should be obtained from i 
the Registrar (Attention: Appointments i 
Office), University of Cape Town,Prlvate M 
Bag. Rondebosch, 7700, South Africa, M 
l by whom ajmilcottons (quoting ref. im 
fi no. BM/332) must be received /$%$' 
|jk not later than 24 June 1983. MW 

Hk UCT Is an squat Jmg 
opportunity M£f 

employer. Jmjr 


Faculty Poflitloo/Pbyalcal Oceanography, Universi- 
ty of Marylaud Center for Environmental and Es- 
tuarine Studies (UMCEES). The Hum Point Envi- 
ronmental Laboratories of UMCEES in vile a|>plicu- 
inntfor a icnure-lrack trank open) uL>siii.>n fur a 
physical oceanographer. The physical oceanograph- 
ic program is young and developing, so ihai candi- 
dales will, a wide range of research imei csis will be 


mg 'Stuns, in addition, ihe strong chemical amt bio- 
logical programs provide ouporuiniiics for interdis- 
ciplinary research. Although some preference will 
be given to applicants will, interests in luiniiicniai 
shelf and estuarine cimiljiion pm. esses, liie pri- 
niary erilcrion /or selection <■] the suu-cssliil Liuuli- 
date is Lhc ability lo develop a strong research pro- 
gram. The dosing date fur a;inlicaiiuiis is Mas 16. 
1983. Applications and a list ot references should be 
scnl to: 

Dr. William C. B>iicoun 
Chaimiun, Search ('uiinnitiee 
University of Maryland 
Cenicr for Etivironmciilal .mil 
. Estuarine Studies 
Horn Point Fni-irnriniomul I almraioriei 
P O. Box 775 

_ ,, . Cambridge, Maryland 2 Hi IS. 

The University of Maiyland is an AfTiiniaiivi- Ac- 
tion/Equal Opportunity Kmplnrer. 

HydrogcologUt, AppUtaiknn are invited for a 
nydrogeologist— engineering geologist pusiiioii 
starting in January 4984. Rank am "salary are de- 
pendent on iiuamicatioiis and experience. Fli.U. ilc- 
sirable rc ® sfra, ' 0n as * professional engineer ile- 

Responsibilities will include undergraduate anil 
graduate teaching and graduate research in hyilin- 
geology and engineering geology. Applicants should 
nave experience In iicltlgrouno water investigations 
ol regional she specific n at ure/grmiiid water re- 
wurce nna yscs/wasic dlspiMiiPgrou ml water tontauii- 
in^k . Ie *' &M , eriw«ce ■» applying remote sens- 
wliel ru| r0 * eO ^ 0K,r aiKi Cl, R l|,eenn R studies would 

SenS resimic and names of three references to J. 
i" n ? c . y r ,, ea ^* Eulogy Deparunenl: Golurado 
xnool of Mines, Golden. Coforailo 80-101. Applicn- 
JKins wi l be accented until September 15, 108$. 

ilnif/h 0 °i rado S ™ W H ° r Mirics is mi affinnuiivc ac- 
Uon/equal opponunliy employer. 


UNIVERSITY OF 
CAPETOWN 

Research 
Officer: 

-conomlc Geology 

Appllwflone a r9 Invited for the above vacant 
poet In (he Departmenr of Geology. The Initial 
oppolnlmem will be for a thre^year period. 
ThesuooeMfull applicant will conduct 
research primarily in the field of Economic 
Effigy °nd will also do some teaching 
iwhln the Department. He or she will work 
closely with Profeesor L Mlnter In estobltehlng 
a leMarcn programme In Economic Geology 
of the University of Cape Town. 

Applicants should have a Ph D degree or 
SSVk 2? re8earc h experience. Appointment 
wn be made according to qualifications and 
experjsncs In the salary range RI2 667 to 
«2 173 per annum. Staff benefits Inofude an 
annual bonus of nearly one month's salary, 
pension, medical aid and a houBlng subsIdy 
aubject to Store regulaltons. 

a teants should submit o currlcutum vtroe 
ng researoh Inlerests, age, present 
TSWi experience and quoiffioatlons, the 
cote duty could be assumed and the namBe 
of three referees. 

Furthsr Information Is obtainable from J 
ft M RBld * Deportment of J 
! b ^ Un| wrsity ol Cope Town, Private J§ 
i Mg.Hondebosoh, 7700, South Africa, M 
& by whom applications should be jlf 
m. feoslved by 31 May 1983. 
ill The University's policy Is not to JBf •' 
dlscrlmlnats on the Jim 
grounds of sex race or Jlgr 
. rellgton. Jmr 



FinK h ^ * ta,rer P'JW'un ls avuiUbfi.- in the 
ES 2? De P an f r P <,nt at Lawrence Livermore 
Nati.jii.il Laboratory. Livermore. California, tor a 
LKMichem 111, or a |>creon with related training or 
c.\|H.rieiiLC, to provide jico, hcmicnl modeling sup- 
purl to ihe evaluation of rcpositurv sites for “he din- 
posnl oi nuclear waste. 

rhe work involve, developing and extending ex- 
’’’"/J S^chemlcal computer codes, updating ihcr- 
modsnamiL daia bases ami cxperimemal work in 
support ut and to validate lhcgcoclienuL.il models 
Requires knowledge of FORTRAN, an adv.inred 
degree or equivalent in Gcochunisuy, Physical 
Llieimstry or Inorganic Qicmiary. and experience 
m developing and using cmnpiiicr codes lo solve 
geochemical problems. 

Send detailed resume with full employment his- 
lijry and olyccuves to Ari Wong, Professional Ein- 
plomem Kvmori. LAWRENCE LIVERMORE NA- 
TiP^ft L LABORATORY. P. O. Bl* 5510, KF.S- 
OSS, Livennme, CA 9-1550. If A ciiizcuship is 
required. r 

An ctpiai upporiunity employer M/F/H/V. 

Mineralogy and Petroleum Geol on v/Eh stern Wash- 
io{rtpn University. The Department of Geology is 
seeking applicants Tor a faculty push ion in mineral- 
ogy and one in pel role urn geology. Doctoral degree 
required. Mineralogist lo teach mineralogy and x- 
ray dill ract ion/ll iioresccncc. Petroleum geologist 
with industrial experience to leach petroleum geolo- 
gy and some area of soft rock geology. Both posi- 
tions require leaching undcryraduaic/graduaic 
courses in area of specialization plus introductory 
geology. Development of strong research program 
expected. Positions start September I, 1983. Evalua- 
tion of applications begin, April 30. 1983. Send let- 
ter of application, vha. and 4 letters of recommen- 
dation to Dr. Eugene Kivcr. Search Committee, Dc- 
pnnment of Gcologv, Eastern Washington 
university, Chcncv. Washing ton 99004. 

AA/EOE. 

Research Position/Space Physics. The Space 
Physics and Astronomy Department at Rice Univer- 
sity seek, applicants for one ur more full-time re- 
search positions within the department. Successful 
applicant^) will play kev rulc(s) in ihe dcvclupmciii 
of [heorciical ibree-dimen&ional models of lhc 
Ea rtli’s elect romagneiic field. Applicants should 
have knowledge of. and imercsi in. ai least one ol 
(he following areas: solar-wind magnetosphere in- 
icraciions. inagnciosplicrc-ionosphere coupling, ion- 
osphere-aimosplierc coupling, atmospheric electri..- 
jiy. Experience and/or interest in numerical model- 
ing is an important consideration. 

Tide and salary level cuunnensurate with experi- 
ence, ranging from onc-ve.ir Research Associaicsliip 
trenewalilc in subsequent y.-ars depending on 
peformaiicci i>. •, pen -eudeid Research Scientist ap- 
pomimciii in ific- Ccnlci fin Spare Dusks. Dense 
send resume- and names uf three prufessMial refer- 
ences m T. W. Hill or R. A. Wulf, Space Divsic s anil 
Asironumv Dcpartmcm. Rice Umversitv, Huuslon. 
TX 77251. 

The Univcisiiy is an equal op(» >riin nit Calli r m.-iiivc 
aiiiim employer. 

Staff Scieullsu/Systcnu Analysts. Ki-sr.in.il and 
Data Sysic-ms. Inc. has u]ic-iiings nvail.ible fin .Si .ill 
Suemisiv Sy-sicmv Aiulvsii >iim Pi ugi.iim nei/ Ana- 
lysis tn work in .m-a, iiivuheil in tin- pr.icessing anil 
.ipplii :iiion nt d.iia tnuu saii-llnc Uisc>l renu-ic sens- 
ing systems. 1'artic cil.n needs invnlvc the analvsis 
•md processing ni K.uih R.ulialion Binlgei. .\fknt- 
wave, AVHRR and LANDSAT data. Needs also ex- 
ist in the areas of iiueraclive image grapliics, soft- 
ware engineering, realtime pi-ucv-ssing and uiclliic 
dala com Mini nun u ii is Success ful candidates will 
have an affianced degree in meteorology, pliysks. 
engi nee ring, niiilhemnucs. or computer science, 
il.ll tin, lie ll.Ickult.lllHl di'-.ll-l iloIlnU II'.*. I. i.|* . 
GY HER nr HI’ - 1 nun equipment. Semi u-siime in 
ciiiilidcncc tu: 

Research and Data Systems. Inc. 

1U5DQ Grec-nl.vlt Rn.irl. Suite 206 
[.anliam, Maryland 20706 
Telephone: (3t)l ) 390-6101). 

SERVICES. SUPPLIES, COURSES, AND 
ANNOUNCEMENTS 

May 9— IS, 1983. “Planning, Design, and Operation 
or Real-Time Data Monitoring Systems and Appli- 
cations. ’’ $750.0D. Topics include rcinnic-siic sen- 
sors and telemetry equipment, coiuiminiiTU'mns sys- 
tems upiiuns (satellite, radio llnc-nf-sight. telephone, 
etc.), data collection platforms, computer systems 
software, data base design and management. Appli- 
cations ihai Incudc fluiHj cunnnl, irrigation, 
liydroimwer pindiiciion, hydroMgical and ineicoro- 
Iriglnti dntit collection, water quality, air pollution, 
acid rain, groundwater levels and quality, cic., eco- 
nomics of real-time data collection, use uf radar in- 
formation. current status of hardware, computer 
graphics and computer Imagery for remote sensing. 
Tor additional information, contact Dr- Raul S. 
McQuivey, Sutron Corporation, 1 1 160 Main Street, 
Fairfax, Virginia (703)391-8010. 

Engineering Analysis 
of Fluvial Systems 

August 1-4, 1983 

Capper Mountain Reeort, Colorado 

State-of-the-art design techniques oriented to 
solving practical engineering problems assoc- 
iated with watershedsand rivers are presented 
In this four day Bhort course. The course is 
designed to enhBnce the participants' insight 
Into physical processes and the associated 
mathematical modeling techniques. Design 
applications are Illustrated with numerous caae 
studies. The recently published hardbound 
text Engineering Analyala of Ruvlal Systems 
will be provided to each participant. • 

Lecturers: D.B. Simons, R.M. U, and 
P.F. bagasse 

Registration fee: $4B0 U.S. Dollars 

Contact Dr. Peter F. LagaBse 

Simons, LI & Associates, Inc. 

P.O. Box 1816 
Fort Collins, CO 80522 

(303) 223-4100 

STUDENT OPPORTUNITIES 

IBM Environmental Engineering Graduate . 
Fellowship. Colorado Suite University Invites appli- 
cations from students interested in a Ph.D. engi- 
neering program with specialties In water quality 
hydrology and water quality monitoring. The tel; 
towship provides a $tflOQ/monih stipend, all luiuon 
and fees; books, research expenditures and travel 
funds. For further Information or application, 

please write. • 

r Dr. Robert C. Ward 

• Department of Agricultural anti 
Chemical Engineering 
Colorado Slate University 
Fori Collins, CO 8032S 

Colorado State University 1* an equal opportunity 
employer. 


RESEARCH POSITION IN 
GEODYNAMICS-ASTROMETRY 

At the Lunar Satellite 
Ranging Facility 
Haleakala Observatory , 

Maui, Hawaii 

The University of Hawaii’s Institute for Astronomy has an Immediate 
opening for a Researcher. 

The selected applicant will work closely with the Observatory Project 
Manager to ensure an effective program of ranging on artificial satel- 
lites and the moon; will also conduct a research program in an area 
of interest to the facility; and will be a resident on the Island of Maui. 
Minimum Qualifications: Ph.D. in Geosciences, Astronomy, or Physics 
and a proven record as a researcher as demonstrated by a list of pub- 
lications and recommendations of peers. 

The position Is full-time, federally funded, subject to annual contract 
renewal, and continuation dependent upon availability of funds. Sala- 
ry will be commensurate with qualifications and experience. 

Interested individuals should send a bio-blbllographical summary to- 
gether with the names of two or three people who have knowledge of 
the applicant's professional abilities to: Mb, Carol Yoshlda, Person- 
nel Officer, Institute for Astronomy, 2680 Woodlawn Drive. 
Honolulu, Hawaii 96822. Further details can be obtained from Dr. 
John T. Jefferies, Director at (808) 948-8566. Applications should be 
postmarked no later than April 29, 1983. 

AN EQUAL OPPORTUNITY/ AFFIRMATIVE ACTION EMPLOYER 



Membership Applications Received 


A[i|)li(.iilii>iis lor men it hi ship have been re- 
ceived from the fijllutvmg imiividti.iK. Tit* 
letter alter the name dene lies ific proposed 
primary section afiili.nii.tr. fin* Idiot A de- 
notes the Aim.isplieik Scienics section, 
which was liinnerlv the Meteorology section. 

Regular Member 

David R. ILi/ard (GP). Stephen Blake (V). 
Soman Chacko (S). Don W. Ghurley (H), Ed- 
ward Cranswick (S), David A. Dimer (T), 
Pn|r»r P Fainn /Hi Fred f* Fvnrdalr (Dl. 
Ingrid P. Fuiinn (U), Christopher l r ox < T), 
Robert H. Gilkcson (H), Douglas D. Given 
(S). Aitliur Goldstein (T). Edwatd J. Green 
(O). Margaret Hellweg (S). Alexander D. Jack 
(S), Cathy J. Janik (V). Douglas W. Johnson 
(A), Jacob Kushnir (O). 

Robert C. Livingston (SA), Asger Lnndbak 
(SS), Mario J. Martinez (H). H. Lawrence 
McKague, David McKirdy (GP), George H. 
Mount (SA), Stanley K. Naznlewicz (G), S. L. 
Passman (T), Kristine Rock (SS), Ralph Rog- 
ers (T), Richard S. Sea Ian (O), Roberto Scan- 
done (V), Daniel S. Spicer (SM), KenneLh R. 
Slalder (SM), Donald H. Siedman (A). Bryan 
Tapp (T), Murad Taqqu (H), Janet K. 
Thompson (O).John J. Ward (H), Randall A. 
While (S), Derek A. Widmayer (H), Douglas 
Wilson (O). 

Student Member 

Yemane Asmerom (V), Donna K. Black- 
man (T), Leslie J. Blythe (H). Jeffrey A. 
Brooks (P), Grover S. Buhr (S), Yildirim Di- 
lek (T), David G. Ewns (S), Guy Gelfenbaum 
(O), Kirsii Granlund, Nancy W. Hinman (O). 


AGU GIFT 
Recognition AfijJ 
for Your 

Support ■' « 

Supporting Member 
$80.00/year 

List appears in Eos. Special recognition 

at national meetings. 

Life Supporting Member 
$1,500 

List appears in Eos. No further dues ob- 
ligation. 

Sustaining Member 
$5,000 
Benefactor 
$10,000 

A certificate of appreciation From the 
president will be given for contributions, 
totaling $500 for the 5 years (1981—1985)'. 

Contributors of $1000 or more will be 
individually recognized in a permanent 
display at the headquarters of the Union. 


Haunly M. ItolailiV), C D. Hull (Y). Butte 
IdlcniHii (T), David A. L. Joliiivui (Si), Steven 
Knapp, Kevin M. Konst.uny <S), Koliert P. 
Labelle (O), Nathaniel A. Lilum (T>, Rnlx'il 

S. Linzcll (O). 

l’apu D. Muninr (V). I’uiiick J. Neale (Oi. 
Juiig-Siin Park (V), Saui-Keun Park, Michael 
J. Pound (S), Tlimnas T. Kuubel r T). Cynthia 

T. Schramm (O). C'.liris Sherwood (O). Peif'u 
I. Shih (SA), Bunny Sterin (H), Robert C. 
Symbcrlist (T), Todd M. Thornburg (O), 
Norbert Wild (SM), Dean Wine <S). 

As&ociute Member 

David N. Jenkins (H), Charles E. Mongan, 
Helen Mustafa (O), Kenneth O. Size more 
(SS), Eliza I. Wojtaszek (T). 

The June Bacon- 
Bercey 

Scholarship in 
Atmospheric 
Sciences for Women 
1983-1984 

Expressly for women Intending to 
make a career In the atmospheric 
sciences. This monetary assistance, 
provided through a gift from June Ba- 
con-Bercey, a noted meteorologist, 
will be given to o woman who shows 
academic achievement and prom- 
ise. To qualify, candidates must be 
one of the following: 

• a first-year graduate student In an 
advanced degree program In atmo- 
spheric sciences; 

• an undergraduate In a bachelor's 
degree program In atmospheric sci- 
ences who has been accepted for 
graduate study; 

• a student ot a 2-year Institution of- 
fering at least six semester hours of 
atmospheric sciences, who has been 
accepted for a bachelor's degree 
program, and who has completed all 
af the courses In atmospheric science 
offered at Ihe 2-year Institution. 

Awardee selection will be made by 
the AGU Subcommittee on Women In 
Geophysics In consultation with the 
AGU Atmospheric Sciences Section. 

For application forms contact: 
American Geophysical Union 
Member Programs DMston 
2000 Florida Avenue. N.W. 
Washington, D.C. 20009 

462-6903 

806-424-2488 outside. the Washing- 
ton, D.C. area ‘ 

Application Deadline 
May 1; 1983 
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Announcements 

Gall for Papers: 
Chapman Conference on 
Magnetic Reconnection 

A Chapman Conference on ‘Magnetic Re- 
connection 1 will be held at the Los Alamos 
National Laboratory, Los Alamos, New Mexi- 
co, October 3-7, 19B&. Since its conception 
over ihree decades ago as a possible solar 
flare mechanism, magnetic reconnection has 
become a matter or substantial interest and 
probable importance not only for flares but 
also for other domains of plasma physics, in- 
cluding planetary and stellar magnetospheres 
and laboratory fusion research. The main 
emphasis of this meeting will be on magnetic 
reconnection in the earth's magnetosphere, 
but the perceived role of reconnection in oth- 
er cosmic objects and in laboratory plasmas 
will also be treated to provide a full picture of 
(he present understanding of this process. 

Specific areas of discussion will include the 
following topics; theories of reconnection and 
its anticipated signatures, reconnection at the 
earth's magnetopause, reconnection in the 
earth's mngnctotail, reconnection in astro- 
nomical objects, reconnect inn in laboratory 
plasmas, computer modeling of reconnection, 
and directions for future research. 

The 4W-day con Terence will include morn- 
ing sessions plus a mix of afternoon and eve- 
ning sessions that will leave sufficient time for 
discussion. Poster papers will be encouraged 
and will be previewed and displayed so as to 
optimize their communication to Conference 
participants. Arrangements will be made to 
provide to attendees during the meeting a 
volume of extended summaries or the papers 
and to publish conference papers in book 
form afterward. 


All who are interested in attending and in 
receiving later information circulars should 
write to Magnetic Reconnection Meeting. 
AGU, 2000 Florida Avenue, N.W., Washing- 
ton, DC 20009 (telephone, toll free; 800-424- 
2488 or, in the.D.C. area, 462-6903). 

To submit an abstract, follow the abstract 
format published in Eos, November SO, 1982, 
and January 18, 1983. There will be no ab- 
stract charge. All abstracts should be sent to 
Magnetic Reconnection Meeting, AGU, at the 
address in the previous paragraph. 

ABSTRACTS DEADLINE 
JULY 1, 1983 

Program Committee: E. W- Hones, Jr., Los 
Alamos National Laboratory; V. M. Vasy- 
liunas, Max-Planck-Insdtute for Aeranomy, 
Katlenburg-Lindau, FRGj F. Coronili, De- 
partment of Physics, UCLA; D. N. Baker, Los 
Alamos National Laboratory; D. H. Fairfield, 
NASA Goddard Space Flight Center; A. Ni- 
ahida, Institute of Space and Astronautics] 
Science, Tokyo; J. Brackbill, Los Alamos Na- 
tional Laboratory; C. T, Russell, Institute of 


Geophysics and Planetary Physics, UCLA: B. 
U. O. Sonnerup, Radiophysics Laboratory, 
Dartmouth College. 


Student Travel: Limited funding is available 
to support student travel expenses to the con- 
ference. To apply, write to AGU giving your 
educational background, your reasons for 


wanting to attend the conference, and your 
research interests. The awardees will be se- 
lected by AGU In conjunction with the pro- 
gram committee. Deadline for travel applica- 
tions is July 1, 1983. 

Hydrology Days Update 

The AGU Front Range Branch Hydrology 
Days symposium will be held at the Colorado 
State University in Fort Collins, April 19-21. 
The 26 papers to be presented will cover 


such topics as flow resistance of ImhiJiIci -Ik*«I 
streams; snowmelt runoff simulation' ming 
the Martinet- Raugo model; leiig-lerm iiiinMr 
of phosphorous in completely mixed lakes; 
multilayered aquifer modeling; the r.iiiiLill- 
runofF process from a geuiiinrphic-liytli.tiilir 
perspective: infiltration, soil moisture i (.-distri- 
bution, soil evaporation, and aquifer icili.ugc 
in the HEC I (Hydrological Engineering 
Center) model; approaches for estimating re- 
gional snowpack equivalent; und variability ut 
bed material transport and channel hydrau- 
lics with high wastuoad concentration*. 

The AGU Front Range Braneli Hydrology 
Days {Eos, November 2, 1982, p. 838. and 
July 27, 1982, p. 589) is dedicated to Koliert 
E. Glover in recognition of his contributions 
to hydrology. Glover, on die lucidly of Colo- 
rado State University from 1951* to 19(i3, is 
currently a faculty affiliate. 

For more information, n complete pro- 
gram, and registration materials, a mi act M.J. 
Morel-Seytoux, Department of Civil Kngi- 
neering, Colorado State University, Foil Col- 
lins, CO 80323 (telephone: 303-491-5448). 


Geophysical Year 

New Listings 

The complete Geophysical Year lasL ap- 
peared in the December 21, 1982, Eos. 

A boldface meeting title indicates sponsor- 
ship or cosponsorship by AGU. 

August 29-Sep(ember 8, 1983 4ih Inter- 
national Symposium on Water-Rock Interac- 
tion, MISASA, Japan. (Professor H. Sakai, 
Secretary-General, WRI-4, Institute for Ther- 
mal Spring Research, Okayama University, 
MISASA, Tottori-Ken 682-02, Japan.) 


Wftlar Hasourccs Monograph 7 | 

David F. Klblar, ■ I flail % • 
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Hydrology 
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Scptemlicr 30-()ctni>cr 1, 1983 Pacific 
Northwest Regional Meeting, Bellingham, 
Wash. (Myil K. Heck. Jr., I'NAGU. Depan 
itietii of Ceiilngy. Western Washington Suit 
College, Beilmgh.nu, WA 98225.) 
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Particles and Fields— 
Ionosphere . 
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Kar ma on eurfaca magnottmitar data anJ racontly mad 
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tha aradidcal, unlfon Raglan I and bag ion 2 
Blrkalind currant pactemi. 

J. Caopliya. ksa.. Blue, Paper JA0193 

5 SIB High- tail tudo lonosphorlc current i 
FIRST VHF AURORAL RADAR INTERFLROMITTUR OBSERVATIONS 
J. p, pravldakoi iSchool of Eloctrlcel Crgtnaarlng, 
Cornell Unlvorltty, Ithaca, Nov York, 14853), w. R. 
Swart:, D. T. Parlay, end R. G. Fojor 
The rider intarforonetor tochnlque first uird at tho 
■■gnetU equator In Pom la also a vory poworful peons 
(or studying auroral plasma Install lilt Lai, K« present 
bare tha flnt reiults, obtalnod with o 49.92 mlz , 

10-25 KN peak posar puli ad rider locitad In Ithaca, NY 
142.5* N, 76,4* K). Strong auroral ochaas ware ob- 
tilnid during aavara l highly active parladi. Phase 
differences bclwoon the ilgnela rocolvcd on the two 
antennas accurately detonolne the E-K position, within 
the scattering volume, of localised scattering conturs, 
and changes In this phssa dot ermine tha corrosponilJng 
velocity. Tho signal bopplor shift doicrlbos radial 
(eiientlilly M-S) notion. The data provldo detailed 
lnfornstlon on tha turbulent structure of tho echoing 
region end show clearly chat different featuros In the 
Doppler power spectrins often roproaont signals cooing 
froa different locations. If ho assume that the radio 
md tTiptuoria phiio valacltlaa rapvetant coal drift 
valacltles, we can determine full horizontal velocity 
vectors from the data and honcc the horizontal electric 
field, usually with a lime resolution of the order of 
IS-JQi, 

Qeophye. Rea. Latt., Paper JL0130 

Will lnttruraunte and luchntquee (Partlcloi and 

f l .Ids- (ones phwro I 

A TltEuRi or dDriEREHT RADAR SPECTRA IK THE. AVKUKAL f 
REGION 

J.-P. st.-:iflurice (Canter for Atciaaphvrtc and Spat, 
Scisncwi, Utah State Unlvarslty, Logan, Utah B4J22), 
Kristian Schlugr I 

Vo hove developed n theory ol Auroral radar ipactra 
for condition* under which parlay-bun omen waves should 
br strongly escltwd in the high latitude E region. Tha 
theory iiiuui chm the unstable iuvoB Spend thu larger 
pin of their liluttDe In a llncur growth phis*. It 
alls usus u previously unexplored properly of the 
waves, namely that wuvwa with different nave vector 
conpononti along Hie mjRnet le field h.,vo marl.raly dl f- 
(areat phnaw u-ilocltlraa. Uu conitnicted eynthetlc 
auroral radar i|w-ct ru for 1 a slaw I rrwgularlt lua. u> 
bn, calculated thu wtdLli of the epeetta, their wan 
Doppler ahift, and nnl sot ropy. He have wtudled haw tlie 
properties of apocird produced by K. rlnr-Bum.ru n wavui 
are ulfectud by tl.e presence of Ion drifts and neutral 
winds, by the electron tinperaturas end danalilee, bv 
the neutral lUKisplierlC prafllo end tho bv tcrunath ol 
the DC elaclrtc fluids. The rriulti irwa to be tn gaoH 
qualitative agreement ulth aaistins observe t Icrre. 

J. Geophya. Ret. , Blue, Paper 3A0306 


Particles and Fields — 
Magnetosphere 

5733 Magnetic storm* 

MAGNETIC FIELD LINE RECONNECT ION 5, CURRENT DISRUPTIONS 
AND DOUBLE LAYERS 

R.l. Stanza l (Department of Physics . University of 
Csllfornlt, Los Angelas, CA, 900J4), N. OaVelmsn 
ind H. MlO 

In 1 large laboratory plasma- a current sheet I* 
genera ted In tha process of magnetic field line 
reconnection. The stability of the sheet with respect 
to local current Increases Is Inveitl gated. When 
the current denalty In the center of the sheet 
•mod* a critical value, ipontannous local current 
disruptions are uhsurved, Tha current from the center 
of the sheet moves out to the sides. Magnetic 
flu* variations in regions remote from tho current 
sheet generate an inductive voltage In the current 
loop wnlch drops off Inside the plasma In the form of 
s potential double layer. This leads to particle 
acceleration with velocities much larger than those 
expected fran the Heady state electric fields 
In the plasma, The particle beams acquire their 
energy on eipgnse oF the stored magnetic field energy 
of the currant system. Bean-plums Instabilities 
are gensrated which dissipate seme of the directed 
» n, 5 , l n,r V ,ni1 heat the back ground plasma, 
a modal for the mechanHai of the current disruptions 
IL , . ,Ud * Th# Potential structure leads to Ion 
expulsion creating n loc&llied density drop. Tho 
associated current drop In an Inductive circuit 
drives the potential structure, thereby providing 
feedback for the disruptive Instability. It saturates 
at a total current loss upon which the currant 
SfiS- joeo vers, and the procais repeat* randomly, 
similarities and differences to magnetospherlc 
•irasiom phenomena ire pointed out. (Reconnection, 
double 'Ayers, currant disruptions, particle 
dnerulzptlonl, 

J. Cbuphys. Ho.. , Bluo, Pap.r 1*0428 

#,«■!!!!!? Instabilities 

SgMngj. LHR NOISE WITH BANDED STRUfTl'RE BY THE 
SOURING ROCKET S?9 BARIUH-QE0S 

luppsals Ionospheric Observatory, 
*lntner Upp,,U * Swedin ), Holmgren, and Paul «. 

■■.P 1 *. d »" .*!iY fluctuation and electric field data from 
.i *!! ,0ufld *iig rocket 579 Barlum-CFOS showi a 
(wSL?,. noise band near the lower hybrid 

ecuenqr. The noise Is related to the spin of the 
#nd , e,t,nds “IT below the local lower hybrid 
Tf *d uw oy- wove the altitude of 300 km the 
i., ‘ f BBde o structure roughly organized by the 
trequenpy. SlmuUeneously with the 
^andedst ructure a signal near the hydrogen cyclotron 
i3M h This signal Is also spin modu- 

.^rMtar of tha noise Is discussed In 
un!!?? U*Kl lh * probeble free energy sources end It 
IliS! 8 ** 1 *!. ?»t the noise Is locally generated by the 
tauai ?Aylflbd disturbing the plasma. If this Interpre- 
I. . C BIT * c t, we azpsct plasms wave experiments on 
hHhr*rt* P ^5^ cr,rt * 10 observe similar phenomena. (Lower 
source) re,on,nM ‘ density riuctuatlone, free energy 

.T. Oeophya, s«*., Blue, Paper 3A0124 

W^imilHffl M SO kaV UrSTHEAH I DR 8VXNTB AT IMP 1/0 
?“ “n* ratO-BOW SHOCK OBOMTKY 
' *■ “tbobsil (Applied Phyilca Ifborstory, Johai 
OmIo?* 0aIwr,lt F, Laurel , Hirylaad, 10707) and B. C. 

•*■ nwlti ot a icatlseicsl study of 4 
JffiMWW of IMP 7 sod B oh.arvfltlan* at - 40 
jUti/jg, 5°° *“* upstrsmi Lon avsoti msosuiod with tha 
«... L , “"T'**' 1 * Psrttd* Hxpsrlmant. Ha .tlod a 
"Mtoole loaraas* in tha probnbUity of observing 
mesa* particle avaata with a daorasta So Um angle 
i***" tntarplnnatary magnatle field (IMF) 
M the local aback normal *t tha point whars tha IW 
,, th* bo* .bock, Independent of tha length of 

.7", stack cDnoactioo (It It ncaaim - to 

■*»<»' ** tlad r<ni * lvl Y equal probability of ob- 

af V" 11 "tavo n given flu« from any portion 

J ■ho* rtth tha aama value of B. 0 , « growth 
th< so - J00 k*V avaou of r 10. mlnutai, .■ 
rr ««-«. W<“ ot - 3.5 » 10+ (oT e •rj l , 

correlation banian eb* probability ot 
■ given flu* and tha 3-hour X. lodan. Tha 
£uhim lw £* ch * e tha local structure of tha bow 
IZ?" twdUta .lolalty of tha field Una 

l, th. dominant Influence In th* gnnarscloo 
that • Mr g*tlc up* train partial* event* , and 

Intariotlona .prndues . s swlf- 
jnrottllng aanhanlSn chat limits tha Malawi flit* •* 

J^3/tHP-g obSkv^o^^sihuSanmus ophtshah ion' 

D, HI,... 


tyMlld-araw dacfator* on I5EK-3 at - 200 b. and on e 

1HP-B at - IS ftoo tha larch. CniKluacona ar! a 

baiod .» coapa r Lion, of the pitch angle diatribution. E 

ohsatvsi at lh* two apaucr.lt and trantlormd loco v 

eh. luLar wind frtna. Tbay ara bvan-llka at ISKE-3, p 

and canfliKid to the outward healaptari, Uhan IHp-a I. , 

furthoet froa the bnw tbock they §za alao usually j 

bowl Iks, or himiapharic. Houavar, whan IMP-8 1. i 

rloaac ta the bow .hook, paotaka-lLkn distribution. 4 

ara abaanad. Thla aystaoaclc variation In the IMP-B 
pitch anglo dlatrl but lone da Unit, a tcatcertog 
region t ( IS R # upitreaa of the E.rtb'a bow thick ( t , 
ana sutad along tha Interplanetary angnatlc f(ald) i 
which doalnatae Ion propagation, lnfloonc.l tha global 
dlntclbueloa a( flume Ln the foreshock, and may play 
n role In acceleration of tbs lona, ' When IHP-a j. 
boyond 1 - 13 6 , the propagation appear* to bo 
aagant tally scettor-frae batvaan EHF-8 and E9EB-3( 
thla la daducod (ram the abienca of utlhavrd lluiet 
at IHP-B aa well aa tha (tndancy for the spla-ovaragad 
fluxne to be cnoparabla St th* twn spacecraft. 

J. daophya. Rob., Rlue, Paper 3A0348 

Physical Properties of 
Rocks 

4110 Elasticity, fra.curo and riow. 

PARAHETEIIS raoh THE [NTEHP0KTATIDN OF 

S?rJ , p? UW ? ra D PnrC ? SUt ° f En * r8 '- Kln ‘ ,> Riaourca. 
Earth Phyelca Branah. Oravli.,. r JBJ «, (nlllcl and 

Caidynamtca Division. 1 ubaurvacory Crencunt, Aciawa 
DnrarJo, Canada, via OYll 

Thla paper preatntn n theory to account for thr main 
foaturoa of tha tidal ronpunae of an laolaicd pinna 
fracturo «■ revealed by the „ tor loval an ,„ cr . 
accrlng open bcraholo. According to E ho theory, thu 
dlurnol and aenldiurnal tidal cunemuonta (b<uh Amp- 
litude and pha.ai 0 f uaiar lovol vorlndane denond nn 
Ind ? pirl,,ru * idlp and mine.) 

IT, f ‘ d J* 1 v u * l * nl of ‘ho fraccuro, and tho compro- 
■albllley of tbt ospcrltlua. flu- ihowry la applied to 
wstat luval obeorvntiuna Bad. In alx v p a n boreholva 
locatod In (.tyataillna rod at a rear alto at the- 
Chalk River Nurlcnr Uburatorlaa , Atoalc Eour.v „{ 

Canada Llalted In Chalk Rivet, Gnltrlo, Cnnnda. Th,- 
oraholen uoru uncaoad and Intorsovlcd many op.n 
Tracturoi ao tbot a duf mlitvo coat .,t ike ihaory 
could not br made. However, m four .aeon a fraitun 
nodol could bo found uhUh flir.i.l the r.larrvflil..n- 
within chc uxparlmarl.il vtrur, 

]. c*.jphys. Ran., Rod, Paper J80429 

6110 ElaotUlcy, Fracture and Plow 

6TRZ5S CORROSION AND CRACF PBOPACATION IN SIOUX 

QUART! I TE 

LIndaitac Pack (Depcrt&ant of Geology and Caophyalca. 

Yal* Untvarally. New Haven, Connecticut, 063111 

Warar-lndueud changaa In tha amount of apaclftc snargv 
(onorgy per unit aroa> conouned during crack aa tona Lon 
In Sioux quariitta war. doianlntd uilng lha analynl. 
j! linear eJaaLlr: fracture DMChanlca. Vodga- loaded 
double cantilever boom teal apaclnana were crocked lo 
nlr, uatar, and aqueoua solutluns of KnOK, HC1, NiCl 
and mothencl ai vratl volnclriaa of e.2 * IO— to 
4,2 m/a and lamperatutia of 17-SQ‘c. Scanning aloc- 
tton microscopy and cha determination of enhancad per- 
meability ware used t .j daiatt f rartuia-lndutad mtcro- 
c racks. 

Tho fracture enargv of Slou. quartalto tn water Is I3T 
lower chan that or quartzite cracked In sir luaMeni 
humid I tv). Tha dependence ol the fracture enargv on 
crack velocity (time) and on tha concentration of water 
In tho tool environment la character 1st I c of tho occur* 
ranco of streel corrosion a* a median I ao of enhoncod 
crack growth In lha proa.nce »f uet»T . Incr.nned 
crack velocity In quartalto cracked in bet water la 
evldcnto uf thermally eshancod water-weak on Inx, but 
tha fracture anurgy u( quartzite cracked In hot air 
or hot water i-iO-Mi’i la 12-11* hlghur lhan room loa- 
parnrure values. The Incruaao In fracture anergy 
upon hooting thu quurtrlce ll attributed to chnngaa 
(raductlofl In roalduai otreta, axlacaoco of thunul 
atroaaea) In lha not alresl fluid reaponllbla for micro- 
tracking and crack propagation In the quart a Ice, tStraea 
corrosion, crack propagation!. 

J. Oeophya. Rot., Rod, Paper 3BQ4IZ 

6120 Equation* ot scat* 

BHOCr COHPRESIfON or DIAKnND CRYSTAL 
*. Hondo and 1. 1. Nvrzna ISalawiloglcal Utkotaiutv 

232-21, California InaLliuca ol Technological 
Laboratory, Ra.adana, California 91123) 

IVo ahock wava oaparliunta employing Inclined 
ml r core hava baao carried out to dacontlno tha 

Hugoolot elastic limit IHKL), final shock itata ot 191 
and 21 7 CPa. and tha pott-ehock .tat a of dlaaood 
crystal, which la ebock-corapraaead along tha 
intermodule direction bltwaan th* <1 1 1> and <110> 
crystal lographlc axaa. lb* HRL wav* hu ■ velocity of 
19,9 l 0.3 nt/vlic and an amplitude of 63 l 11 CPI. 

An alternate Interpretation of th* InellMd wedge 
mirror streak record euggaeta a nap praeoraor wave 
and then another HSL value. Th. t»lna poat-ahock 
dooalty achieved upoa rslaaae from tha -200 GR* shock 
ate** la -1.95 IW* • thU roauU uggaati Initial 
density 1.52 fo/m*. Thla result suggests an vlsatfo 
unloading effect or ahaek-laduced treanltlon Ln * 
denair (poialbly narallle) phae*. (DfOMnd, phaaa 
change, falluce). 

GODpnya . Raa, Lott., Papor 3L02A2 

4199 Coneral (Flow U Fraeturaa) ... 

DIBFBR4I0M IN TRAD EH FLOW TH mCTUHED OKOTHBMIAL 
SYATtfHfl 

R, K. Horns (Patrol aum Eiginaarlng DepsrtMnt, Rtsnford 
Dnlvaralty. California, 9*303), F. Rodtlgoa e-O. 

IniorprataLlot of tracer tsata i« ooamwnly baaed on 
cha anal. ala of flow through a porous medium, lo 
iso channel rtisrvulrs however tha principal permeability 
art*** tw» fraeturaa, lad a porous aadlum approach la 
not applicable. The dfaptnion of trocar material 
flowing In a fracture la shown to be dominated by 
molecular diffuelon aeraa* the fraotora - a macbanlia 
known a. Taylor dlaperalen. For *FP»«> 
ra.acvolr psraaatera, this trsnsvaras diffuelon will 
eblitarata any C ran ever *■ trsear concsntrstlon gradients 
ceussd by thi waleolty profile aerate the fracture. 

The affective dlaparaWUj L» foudi to b* a funotloo df 
fraccura spartura, main flow velocity and molecular 
dlffualvlty, and (t ordaca of aegdltuda greeter Chao lor 
poroua raodlum flow. TypUally »“}•» "*5" " , ftaU 
anticipate! to ll* between orders 1 so* “>0. and Maid 

raaulc* conflrw thla range. (Dlepareion, traoar, 
gaothzroisli fracturae) 

Geophya. R*a. Latt., Paper 3L033I 


th* colder, eubeurfaca paraefuet (at * 3 to daptfa) 
nod ylold pressures of • ID* 1 * bar. The subsurface 
cold trapping model otpltloa many but ncc all obeer- 
vatlona relevant to Eo's atneaphere. The now batsl 
pressure model and the earl I* r aurfaeu frost aqulllb- 
rlun model, when taken together, provide, raapactivel- 
y . lever and upper Ilmira on tha batsl SO* pressure of 
la's atccapheta. (le etnoiphora, To aurrace, aulfur- 

rilorlde, ragollth, re Idt rapping). 

J. 'Taephya, Ren., Bluo, Papor 3A0163 


Seismology 


6940 Pbanmeu (Earthquake predict len) 

RADON WD TILT ANOMALIES DETECTED BEFORE TUB XRPIinA 
(SOUTH ITALY1 EOBThqUAKE OF NOVEMBER 21, 19BO AT 'GREAT 
DISTANCES FRtK THE EPtCEHTER. 

L. Allegri, F. BeLLe, Q. Della Kemlca, A. Erainl, 
8 - lapreta, V. Sgrlgu add f-F. Blegl (latltata dl Fl- 
elca, Ihlverilta' dl Resa, p.la A- Koto I, 00LS3 lone, 
Italy) 

A It rang earthquake (H>6.3) occurred op Hovaabtr I), 
im u South Italy (Itpfola region) at hypoceatral 
dapth ranging botwian 16 Em and 18 ta. Anomalous vari- 
ation* in ground water radon content, ESX and 1701 coa- 
pmrad with the background level, wars detaocad at Rome 
and Rlatl aitaa balnea tho aarthqueka. A tilt anoaaly, 
20 rid In aaplicuda, was observed at L'AquLla alts. 
All cha itatlona wata located at dlateacaa of about 
250 Km (ram the epicenter. Tha snoaaLaui duration, for 
both th* examined parameter., luted flva-slk month.. 
Ha euggeet ta tntarprat aaoh snoaallsa si prieuriori of 
cha (rpinla aarthqueka. (Radon, tilt, aatthquaka srtd- 
lattaD). 

fleophye. Rei. Latt,, Paper 310107 

£950 Selinla sou reel (mechanism, njqrrltude, fre- 
quency apectrun, ipeoe, end time distri- 
bution) 

BREAKING OF A SINGLE ASPERITY l R UP Til RE PROCESS 
AMD XI5M1C RAD1AUU1 

S. Das (Lament -Doherty Cso logical Observatory of 
Columbia Unlvarslty, Pollaudea, lies York 109M) 
and H. V. Kostrov 


1. aiiSaa I- (50-200 keV) loP 

z> d in aUteao avante ebaarved alaultanaouaJ 


Planetology 

6510 Atmpharaa of pUnata 

DAT AND HI0HT N0BEL9 OF WE VBRIW WERHBWHE1UI 
8,T. Kasai* (lunar and P Unitary Laboratory, <™lvfl ratty 
of ArUona, Tntaon, Atl»nn* «»». »«H* D,, ‘ 

S °A W mial .tmo.ph.ra of Verna far .HI**" 
and 178 km la praaantad for th* day a»4 night aide*. 
Dana It lea of »„ », 0. 8,. Bs. ." d 0, on th. i dg 
aide, rwr B *ad a l« bonfi ioSsl elm, ar# obealnad by 
ilaultanaoud eolutlon of eoqtltaiity mjuatVoea. Thai* 
aquation* couple loaoipbarle and neutral chemistry ,Md 
cha transport prooassai ot ■olsoulsr an* 4A4» 
diffuelon. Photodli«nni*tLon and phototonlaatloa J 
unef f lelsnts ara praaaatad to feoilltata the 
laoorao ratios of cbemUtry i"te elroilielcp wo4*>* ^ 
th. Tama .Lanaphara, Nldnlaht 4.0.1(10* of CO, 
O H. He. sod v are derived from integration « th* 
cont2railty aquation*, eubjast to ipaclfls* flunaa- W* 
night Bid* taaa Stlst and Hum* consistent with tha 
obaarvad alrglow of HO end 0-( T 4), 1b* hoaopouaa ef 
Varna le Inca tad o..r 133 ta fm both the day and night 

aldea. 

j. Oeophya- Am., Blue, Np*r JA0I96 

A ill modal for tin baeal ■ erasaur* of .to * ■!!«*- 
nhar^ta dutalofl.d. Till* md*I toll*. Into UcMqnB W. 

- Ph L^,» ^„7r!x tux that wuoh .of lo'* *urfac* ha* 

. *typJcally **>» poru*U]f 

allokv afflclont, aubeurffce pdld trapping o* rtmi- 

• SASXSiA tsmd. .0 taTp mbUDt .u.fm. prs.- 
«.r>a wary Io*. SO, 1* th*. only jm ■ Idsstl’lm on in 
cM^ant pta**»rs» fgr ata*»gl«*clo • 

"taliT PtaUi -ET local durfoc* e^r.turo vla.tha 
B0, v*por-pr***ura aqulllbrlioi curve, food *®.k ^ J*Jr* 

$‘ r ' va l? XJXTT&TrT £1 XX. 

S2l«jA T "f d*™i«f lBrtta .*qpl»b«lta “l*h 


Thn problem of spontaneous shear rupture of i 
single clrnulsr saperlty an an Infinite fdult 
plane Is studied. Initial Ly, the fault plan* U 
broken everywhere except at s circular aaperlty. 
An applied displacement at Infinity results In 4 
itnu concentration along tha bounding adgo of 
t!« asperity. Tha frlotiocal atreia on tha 
broken part of lh* fault plans la taken to be a 
conetant. Once a point on tho asperity breaks, 
the stress there drops to the uh value a* on 
the ’rasin' fault outface. Iho npturo is star led 
by relaxing the shear stress At a paint on the 
Asperity edge and Is then allosod to propagate 
spontaneously using a critical stress lava I frac- 
ture criterion. The rupture procase le oaloul- 
etod ikmerlcally . It Is Found that for asper- 
ities of corn tint strength, the rapture flrot 
propagate* around the edge of th* asperity end 
then Inward, a phenomenon beat deaortbed by tha 
■oll-knoim lera of olasslo military maneuver - 
'the double one I ruling pi nee r maveownt 1 . Zn tha 
appendix, the expraeslons far the rar-fleld 
Mloala radiation the to thn rapture of such an 
asperity ara derived- It Is ihonn that the n-th 
Mrtoslun eaeponent of the far-flald dlsplacaewit 
at («,t) foi P, SV and 91 waves, using tha nut- 
ation of Aki and Richards [1900], Is given by 

Thus, the far-flaid pulses can bm dlrsotly found 
fcon the Uian-drap* on th* fault -plena. This 
Tamils Is also trun for "oracle' or 'dislocation’ 
problems. Tha directivity foliation D n | for 
displace Bent for the asperity prablera Is found to 
ba that for the double couple, modified by eom* 
footor. In psrtleuler, tlie rauLt plana fa a 
D°dal plane for SV lavee. (Circular asperity, 
rupture, lalenla radiation). 

J. Geophya. Res., fled, Empar 3B0269 
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Dorman L. I., Kalz M. E., Nosov S. F., Fedorov Yu. f„ Shakhov B. A. Modulation 

of monounorsottc spectrum of gHlnctic cosmic rays 

Porcyaslova N. K., Pokrovsky P. E., Slodshkuv Yu. I. ALaorptlon of gulaclic cos- 
mic rays in the atmosphere in iho period 1941 lo 1980 
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